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Burns are surrounded by an inflaniiiiatory zone of stasis that can progress to ischemia and 
extension of bum size. Synthetic fibroncttin peptides have reduced tissue Ucstructiun in 
several models of inflammation. In this study, we postulate that administration of the pep- 
tide Trp-9-TyT will alter the progression of tissue destruction following thermal injury. 
Baseline cutaneous blood tlow was measured on New Zealand White rabbiu with a laser 
dopplcr blood-flow meter. While rhe rabbits were under general anesthe-sia, 6 ftill-thicVne.<« 
burns were produced on the rabbits' backs. Blood flow in the zones of sta-viK was followed 
daily, and the number of zones that progreised to necrosis was determined at 72 hours. 
There were 3 experimental groups. Ten control animal.s received saline. Ten were treated 
with Trp-9-Tyr for 24 hours postburn. Ten received Trp-9-T)T for 48 hours. Animals 
treated with Trp-9-T>T had higher blood flow .ind less necrosis in the zonti of stasis than 
did control animajs, which was eA-idcnt at 24 hours but more significant at 48 hours. (J 
Burn Care Rchabil 2000;20:.<;05 10) 



Thermal injury produces .\n area of tissue destruc- 
tion 5tirro(indcd by a zone of stasis tliat cm progress 
to ischemia and result in extension of burn sizeA 
Leukocytes have been implicated in tJic patliogcnc 
sjs and progression of microvascular injury and 
cxtravascular tissue damage. Leukocyte-mediated 
injury is partly dependent on polymorphonuclear 
neutrophil adherence to endothelial cell surface and 
leukocyte aggregation in extracellular ti.ssuc.^ 

Leukocyte adherence to cndnrhclial cells and to 
extratclhil.^r matrijc components is mediated by mul- 
liple-jd.ie<;ion receptor systems. In ihc first stages of 
inflainmario:!, leukocyte rolling into intlammatory 
sires is mcdintci by the .sdecrin family of adhr.sion 
receptors." Additional cellular-recognition recep- 
tors, the inccgrins, then mediate Iciikocyre bmdmg 
to the endntheliuni.* Once leukocytes migrate 
acro.ss the endothelial cell membrane, their adher- 
ence to the cxtrnccllul.ir niatri.x is directed by many 
f'acrois, including integiins. Intcgrins consist of 2 
membrane glycoproteins, a larger a iubunii and a 
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smaller ?> suhunit. The (5^ subunit.s arc largely 
involved in cell-to-ccll interactions, whereas P, sub 
units ,vc .associated with mediating ceil atihesion to 
extracellular matnx constituents.^ 

One of these extracellular tnarrix macromoleculcs 
is fibronectin, a large glycoprotein found in plasma, 
in the extracellular matrix, and on the cell surface, 
which can influence cdl-to-ccll as well as ccll-to-sub 
stratum adhesion.* Fibronectin is composed of 2 
polypeptide ch.nins, A and B, and contains biniling 
sites for .1 number of substances. Integrins recogni/.c 
multiple domains kxitcd on the fibrcmcctin mole- 
cule. .\rginyl-glycy)-.isp,irtic acid (RGD), the *\tll 
binding"' domain, interacts with ajPi, U3P,, a;id 
other intcgrins. The alternately spliced connecting 
segment domain (CS-1), also involved in cell adhe- 
sion, is recognized by a4P|.' 

There is increasing evidence that surface proteo- 
glycans, as well as mtcgrins, are invoked m rhe 
p.ithogenesis of the inflammatory process.* In thi.s 
regard, a number of bioacrivc peptides from the 33- 
kD carboA'l terminal heparin binding domain from 
the A chain of fibronectin have been developed that 
inhibit RGD-indepcndent bititling of leukocytes to 
fibronectin by adiiering to cell surface proteoglv 
c;uis.8 I" In addition, these peptides appear to inhib- 
it adhesion of activated monocytes to cytokine- acti- 
vated endothelial cells, which may play a role in the 
late influx of neutrophils." 
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The most potent of these synthetic fibroncetin 
peptides reported in the liieutme is FN C./'H V." 
The synthetic fibroncctin peptide I'l tp-^-Tyr) hab 
similar amino acid scinienec as l-N-C/'H V, with tl^e 
addition of a t>TOsinc residue (Figure I). 

\Vc tested the hypothcbi.N that inhibition of Icuko- 
eytf adherence with Trp-9 Tyr would reduce thi- 
microvascular damage and progression of tissue 
necrosis following thermal injury. 

METHODS 

New Zealand White rabbits (3-5 kg; Myrtle's 
Rabbitry, Thompson Station, Ind) were shaved, aiid 
baseline cutaneous blotxl flow was measured wch a 
laser Dopplcr blood-flow meter ^^ith a temperature 
controlled integrated probe iPerimcd PF 4001, 
Stuclduiliu, Sweden).'^ The iiiinriK ucrc ajicstlietizcd 
With isoduranc inhalation (Abbott [.aboraiurics. 
North Chicago, 111). Twcnty-four-gaugc catheters 
(Bccton-Diekijison, .Saiidy, Utah; were placed in ear 
veins. Three connected brass templates measuring 3 
cm X 1 cm X 1 cm each with intciAcning 5 mm spaces 
were heated to 100°C and applied to die animals' 
hacks for 30 seconds to create flill duckjicss burns uitli 
intervening S mm zones of stasis. Analgesia vvidi 
0.05 mg/kg of buprcnorphir.e was admini.stered even- 
12 hours (Rcckitt & Colman Products Ltd., Hull, 
England). Blood flow measurement.? were obtained 
from the burn sites, die zones of sta.sis surrour.ding the 
burn site, and the unburncd sites at 24, 48, and 72 
hours postburn. The number of zones diar progressed 
to necrosis was determined at 72 hours. Animals were 
killed at 72 hours with 1 00 ing/kg of intravenous pen- 
tobarbital (Abbott Laboratories, Nordi Chicago, 111). 

Trp-9-Tyr is a 9 amino acid synthetic peptide of 
the fibroncctin molecule (donated by Sentron 
Medical, Inc, Cincinnati, Ohio). It is stored in pow- 
der form at 4''C. Immediately before use, the pow- 
der is dissolved in normal saline to a lO-mg/ml 
solution for intravenous injection. 

There were 3 experimental groups. Controls (n = 
lOj were given saline (1.0 ml/kg). The first treat- 
ment group (n = 10) was given the peptide, Trp-9- 
Tyr (S mg/kg). immediately after the burn was pro 
duced, then 3, 6, 12, and 24 hours postburn. The 
scco:ui treatment group (n - 10) received Trp-9 Tyr 
immediately after the burn was produced, then every 
6 hours for 48 hours postburn. 

<\ll animal experiments were approved by and per 
formed in accordance with policies of the 
Institutional Animal Care and L'sc Committee of the 
University of Texas Medical Branch at . Galveston 



RESULTS 

There were no significant di^Ycrcnces in weight 
change following burn in the 3 groups. Cross visu.il 
obiervalion and laser Dopplcr blood llow measure- 
ment of the burn site? were consistent with full- 
thickncss injury Average baseline laser Dopplrr 
blood flows of the 3 groups ranged from 70.69 to 
80.56 pcrhision units. 

RIoodflow. Control animals had diminished 
blood flow in the zone of Masi.s at 24 hours postburn 
(29.97 I 2.94). There was sonic recovery at 48 and 
72 hours. However, blood flow remained signifi 
cantly lower than ba.sclinc blood flt)w. 

Animals in the 24-hour treatment group had sig- 
nificantly higher blood flow in the zone of stasis 
ihan did the controls at 24 hours postbuni (42. 2.^ ± 
3.40). However, there was no difference in perfu- 
sion at 48 and 72 hours. 

-Skin pcrfiision of the animals treated for 48 hours 
was significantly higher than that of controls and of 
animals treated for 24 hours at all rime points mra 
siircd. Although blood flow was significanily lower 
than baseline at 24 hours postburn (56 23 t 2 SS), 
pei-fusion recovered and wis not significantly differ- 
ent from baseline at cither 48 or 72 hours (Figure 2). 

Tissue Necrosis. Conrrol animals had 16 (40"o) 
of 40 zones of stasis iliat progres.sed to necrosis at 72 
hours. Animals tliat received Trp 9-Tyr for 2 4 hours 
had 7 (17%) of 40 zones that progressed to necrosis, 
which is significandy less tissue destruction than the 
controls had (P < .05 x^l .■\nimals treated for 48 
hours had 4 (10%) of 40 zones that progressed to 
necrosis, which was also signifKaiitly le.ss tissue loss 
than die controls had (P < .05 x^. Mann-VVhitney 
test; Tabic 1). Photographs taken 72 hours after 
hums were produced demonstrate marginal 7ones 
with necrosis [Figures 3 and 4). 

DISCUSSION 

Emphasis on microvascular injury caused by leuko- 
qtc adherence tn the endothelium has been die key 
to investigation of substances that inhibit inflamma- 
tion. More recently, the extracellular matrix has 
become a point of interest for investigation of the 
inflammatory response to injury. Fibroncctin, an 
extracellular matrix macronioleculc, has recmergcd 
as having a potentially significant role in '-he patho- 
genesis of die inflammatory proccsiscs. 

Synthetic analogues of the RGD domain of 
fibroncctin have been used lo prevent acute and 
chronic experimental liver injury in mice. After 
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Figure 2. Blood flow in zones .it baseline. M, 48, md 72 hours control, 80.56 x 3.58, 29.97 i 2.94, 42.67 i 4 38, 52.17 
t 5 06; 24-hnur treatment, 78.33 i 2.64, 42 2S t 3.40, 46.63 t 2 69, 62 62 ± 4 69; 48 hour treatment. 70 69 ± 2.07, 
56.23 t 2 53, 65.70 i 2.95, 75.19 ± 3.30. Liser doppler perfusion mcasurenicnt in >ainc<. of sijsis is prescmed is mean x 
SEM for rhe control group (solid bar), tlie 24 hour trcjunent group 'broktn bar). ?s\d the 48 fiour trearment gnitip (vhin 
h^ f). ('F< .05 \-s baseline by t test, -P^ .05 vs control by t tcM.) Control aniiiuls lud significjn: dccrcjscs in pcrfUsion in 
the zones of stasis at il\ postfaum time points. Ajiinnals in cKc 24 houf treatment group h^d higher pcrfiision jt 24 hours 
post burn than animals in the control group had ,\ninials in the 4R-hour trcitnicnt group had higher blcKni flow in the zones 
of .<;tasis ,it 24, 48, and 72 hours versus animals in chc coDtrol group. 
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Figure 3. Pliotoi^raplis of cnnrrnl aninuh v 
sis at 72 hours. Djrk arcis in chc m.irgiii.\l zones of 
are considered ■iccmnc. 



T»ble 1. Tabulation of zones ut itiMS projfrcssing 
necrosis comparing the 24-hour and 4S hour 
groups with ccmttoli 



Non-necrotic 



Figure 4. Pcpiidc-crcatcd animals wirh nccrdsis it 72 
hours. Aniijuls created for 24 iiours art showrj in ihc 
upper pjiiel, Hid the 2 animals treated for 48 hours arc 
shown in the bottom panel. An cx.inipic of burn i;iiiiry 
With no surrounding necrosis in the marginal z.ones, 
lahclcd lion necrotic, is shown in the lower ri^ht hjnd 



iiidiicfion of liepatitls froiii intravenous concinavalin 
A injection, animals thar rccciveci intravenous ROD 
mimetics had lower scrum levels of liver enzymes 
and less liver damage by !iistolog>' char, did untreat- 
ed mice.'* 

Synthetic fibronectin peptides derived from the 3.3- 
kD tarbo-xyl terminal hcp-iriii binding domain of 
fibronectin have demonstrated cfficac}' iii blocking 
neutrophil accumulation in mcxIcLs of acute inflam- 
mation. Two of tlic more potent svnthctic peptides 
identified tiius far arc FN-C/H V and CS-1. U.sing a 
rudcnt model of ischemic brain injury, Vanaka ct 
al'^.'S demonstrated that adminibtration of FN-C/H 
V and CS-1 decreased leukocyte acc.un.ilation. cffcc 
rivcly reduced infarct size, and improved neurologic 
assessment. Synthetic tibroncctin peptides block 
development of inflamnintory lesions in the salivar\- 
gUnd-s of transforming growth factor- [i, knock-out 



mice and restore saliva production.^'' These peptides 
blocked kukocyic infiln ation into heart and lung tis- 
.uies of transfoiming growth factor-Pj knock out 
mice, as demonstrated by histopathology These .mi- 
mals had reduced weight loss and extended life span 
compared with untreated knock-out mice.^O 

As a cationic hydruphilic peptide, FN-C/H V is 
thought to adhere to cell-surface protcoglycans.s.H 
Cell-surface pi'Oteoglvcans mediate a spectrum of 
cell-binding activities. FN-C/H V may alter proten 
glycan interaction sclectins or integriii-dcpc-n- 

dcnt Icukocjtc homing. ^.^O.^l 

Migration of neutrophils into sites of inflamma- 
tion has been reported to be initiated by a factor 
released by monocytes. 22 The synilictic fibronectin 
peptide FN C/H V has also been demoiiscrarcd to 
inhibit monocyte accumulation by means of the 
pathways related to CS-l.'l CS-1 interacts uith 
a^^^ intcgrin expressed on monocytes and alters 
their function. This suggests that the syntiielic 
fibronectin peptides may inhibit late accumulacion 
of neiitropliils into inflammatory tissue. 

Other mechanisms of action for the peptide I'N- 
C/H V have been considered. It may block signal 
transduction pathways and cytokine preseiujiion. In 
addition, an 04^1 integrin al.so scr\'es as a receptor 
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for vavciilar cell adhesion molecule- 1 , which is 
ex-p^cs.^cd on cmiotheliiil cells. I' By interacting with 
a,P] intcgrii), FN-C/H V may block leukocyte 
adiifsion to the microvasciiJar endothelium. 

In thi.'i study, the administration of .-iynchctic 
tibronecriii prptidc Trp-9-Tyr reduced tissue necro- 
sis tollouing burn injury These results were .some- 
what evidenced in the 24-hour treatment group. 
However, the improvements in blood flow ind tis- 
sue nccro.si.s were significant in the 48 hour treat- 
ment grojp. Previous studies with this rabbit model 
have shown a correlation bcrA.-cen histologx verifi- 
cation of ti.ssuc necrosis and gross visual e\-idence of 
necrosis as well as Dopplcr blood flow.'''.iS Because 
of our previous experience, histologic specimens 
were not taken in this study. 

Wc hypothesize that the difference in blood flow 
between the 2 treatment groups seen at 24 hours 
was due to variation in the dosing schedules. 
Aj)jn>3ls treated for 24 hours received Ti-p-9-Tyr 
immediately, then at 3, 6, 1 2 and 24 hours. The 48- 
hour treatment group received an 18 hour dose 
ratJier than a 3-hour dose. It is po.wible that the con- 
stant 6-ht)ur dosing interval is more effective than an 
initial bolus of Trp-t>-Tyr Furthermore, the inflam- 
matory process produces tissue destruction for a 
period longer than 24 hours. By extending the treat- 
n-.cnt beyond 24 hours, wc were able to demoaitratc 
improved blood flow and tissue salvage in the 48- 
hour group, compared witli the 24-hour group. 

For this study, we used a small burn model. The 
effect ofTrp-9 Tyr or. a larger burn injury would be 
difficult to predict because of die short half- life of 
tlic pcpddc. A larger burn would generate a greater 
ir.flammatory response and would possibly require 
higher dosmg for the same effect. 

One of the most significant concerns about the 
value (if inhibiting leukocyte adherence i.s the possi- 
h;Iit\- of increasing the susccptibiliry to infection. Wc 
used a Kcw Zealand White rabbit model of infection 
to Investigate this concern. Previous studies suggest 
that monoclonal antibodies to integrins and 
sclcctins, wliieh block leukocyte adherence, signifi- 
cantly increase susceptibility to infection. 23 
However, preliminary experiments using Trp-9- Tyr 
in our rabbit infection model indicate that the pep- 
tide does not increase infection when compared with 
.saline controls. 

In surnniarv', intravenous administration of Trp-9- 
Tyr improved blood flow in the marginal zones of 
.stasis surrounding a bum. The use of the s^nuhetic 
fibroncctin peptide was associated with less tissue 
destruction following thermal injiiry. 
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